This article describes specific features of thermal operation and design of new heattreatment furnaces constructed and operated in conditions of production restrictions.
Introduction
At machine-building plants heat-treatment furnaces relating to chamber heating furnaces are operated in a wide range of temperatures, mainly from 200 ∘ С to 1250 ∘ C.
In this case, very complicated heating and cooling conditions are often set for the products to be heat treated, with a big number of intermediate holdings at different temperatures, which is usually appropriate for products of the heavy engineering industry [1] [2] [3] . However, the cooling and heating conditions can also be simple, for example, for hardening of a thin steel sheet.
This article refers to the latter kind of heat-treatment conditions used at one of the plants in the Moscow Region.
Technical upgrading of old furnaces and construction of new furnaces is often faced with difficulties during designing and construction associated with a limited space available in the existing workshop filled up with different process equipment [4] .
In this regard, it is necessary to develop non-standard solutions for designing the work space and heating system of the furnace but at the same time the energy efficiency and product quality requirements shall remain inviolable [5, 6] .
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Background for Development of the Furnace Design
The furnaces were designed and constructed by UralTermoKomplex Research and Production Company, Ekaterinburg together with ZiO-Podolsk, Podolsk, Moscow Region.
Development of the unit consisting of three furnaces with a non-standard heating system was initiated by a number of purely production factors:
• a limited production site;
• a specific system of furnace loading and discharge of steel sheets using a cantilever device located on the automated lift truck;
• a high speed of furnace heating, including loaded products, from the cold condition.
Developed Furnace Design
The general arrangement of the furnaces is shown in Figure 1 and the sectional drawing of one furnace is shown in Figure 2 . 
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Figure 2: Layout of chamber furnace with fixed hearth; 1-furnace door; 2 -panel flat roof with cross beam; 3 -protecting screen; 4 -door lifting mechanism; 5 -fixed hearth with metal reinforced frame; 6 -high-speed recuperative burner; 7 -shut-off and control burner valves; 8 -exhaust duct; 9 -air duct; 10 -gas duct.
The furnace walls and flat roof are assembled from metal plate panels lined with ceramic fiber bricks.
The burners of three furnaces have a common supply of gas and air and a common discharge of combustion products.
Each burner is equipped with an individual automated process control system (APCS).
After the sheet is heated together with the furnace in accordance with the preset process conditions, it is placed in a special water-cooled press preventing the product from contraction during accelerated cooling.
The thermal conditions of the furnace are controlled by thermocouples installed in the furnace roof.
Technical Specifications of the Furnace
The general technical specifications of the furnace are given in Table 1 . In order to assess thermal operation of the furnace and automated control system, we carried out a comprehensive study during controlled heating of the steel sheet for hardening.
It can be seen from the technical specifications of the furnace in Table 1 that the useful mass of the heated steel is only 17% of the total mass of loaded products. Therefore, considering the requirement of the maximum heating speed from the cold condition of the furnace together with load, we carried out the study in such a way that first we 
Metal Temperature Measuring
The diagram of thermocouple installation on the surface of the heated sheet is shown in Figure 2 . The results of temperature measuring on the metal surface and in the furnace work space are given in Table 2 . Figure 3 : Arrangement diagram of supporting fixtures, heated sheet and thermocouple junctions in the furnace work space; 1…6 -control thermocouples installed on the sheet surface,t -main working stationary thermocouple, t -control stationary thermocouple; 7 -supporting fixtures; 8 -heated sheet; 9 -burners.
Summary
Analyzing the results of temperature measurements on the sheet surface (Table 2) within one hour of holding at the constant furnace temperature, we observed the maximum temperature fluctuations from 4 to 12 ∘ С at different points of the sheet surface within the time from τ0 to τ60 min that resulted from operation of APCS controlling operation of burners in pulsed conditions, that is, gas dynamics of the furnace work space. This operation of the automated process control system has been found quite satisfactory. Note: In these conditions of load heating the automated process control system shall maintain the furnace process temperature t = 965 ∘ C in accordance with readings of the working thermocouple tp (tк -control thermocouple).
In 60 minutes of holding at the constant furnace temperature, the temperature fluctuations on the surface of the heated sheet did not exceed the values indicated in the technical specification Δt = ±5 ∘ C, which confirmed the possibility of burner installation on the rear wall of the furnace.
Nevertheless, during commissioning it was established that when gases return toward burners the gas flow splits and as a result the combustion products concentrate at the top of the furnace work space and do not flow sufficiently under the heated sheet between the supporting fixtures that represent the biggest part of the load.
In future, when designing this heating system, it is necessary to model gas dynamics of the furnace in accordance with location of the loaded products and roof height over the metal surface.
